Introduction
============

The quality of microsurgical anastomoses also depends on technical prerequisites like adequate instruments and operation microscope, but mainly on the skill and experience of the microsurgeon. The success rates vary depending on author, and professional experience in microsurgical procedures. The number of self-conducted microvascular free tissue transfers seems to be correlated with anastomosis success rates.

Complications due to insufficient anastomosis technique are frequently deleterious and sometimes end up with extremity loss for the patient.

Pharmacological thrombosis prophylaxis, but also (micro-) surgical interventions after thrombus formation are frequently used techniques to prevent thrombogenic states and rescue blood flow once a thrombus has formed and obliterated the microvessel. Unfortunately, incoherent guidelines and algorithms for thrombosis prophylaxis in microsurgery are found in the literature, even though basic science has clearly demonstrated the efficacy and mechanisms of action of the various antithrombotic agents in numerous experimental efforts.

Earlier on, Virchow has recognized and postulated the pathophysiologic prerequisites endothelial defect, hypercoagulability and stasis. Despite the plethora of available antithrombotic substances, acetyl salicylic acid, heparin (fractionated and unfractionated), hydroxyethyl starch and dextrans are still the most frequently used agents.

While the guidelines and standards for inpatient and outpatient antithrombotic prophylaxis in surgery have been clearly outlined and agreed on by a multidisciplinary consensus conference, the german AWMF workgroup (<http://awmf.org/>), such a protocol does not exist in microsurgery yet.

Basics and principles of antithrombotic therapy
===============================================

Bearing Virchow's trias in mind (endothelial wall, blood flow, corpuscular and non-corpuscular composition of the blood), the following therapeutic options can be defined: Table 1 [(Tab. 1)](#T1){ref-type="fig"}.

Successful microsurgical tissue transfer is based on an adequate microsurgical technique by which correspondingly high patency rates can be safely achieved. The choice of the recipient vessel is centered around the establishment of sufficient microvascular blood flow, however, newer work has shown that the free flap itself is a major determinant of blood inflow \[[@R1]\].

Beside these issues, the pathogenesis and localisation of the tissue defect are also known predisposing factors for microvessel (arterial and venous) thromboses especially when lower extremity defects and complex traumatic tissue defects with consecutive vessel occlusion or osteomyelitis need to be addressed \[[@R2]\].

Intraoperative vessel spasms can be effectively prevented by the application of paverone -- a temporal vasodilator -- to the anastomosis site. Postoperatively, prevention of external compression (e.g. constrictive dressings, adverse positioning etc.) to the microanstomosis site or the microvessel course is absolutely necessary to avoid compromised microvascular blood flow.

Intraoperative administration of heparin ("heparin flush") can be continued postoperatively by continuous i.v., subcutaneous low molecular heparinization or -- alternatively -- thrombocyte aggregation blockers (eg acetyl salicylic acid 100 mg once daily p.o.).

Additionally an optimized fluid and volume management and mechanoprophylaxis are proven perioperative treatment options in minimizing the risk of venous thromboembolism.

Thrombosis and heparin-induced thrombocytopenia (HiT)
=====================================================

Based on our own experience with events of flap loss due to heparin-associated thrombocytopenia (HiT), adding on to routine determination of partial thromboplastin time (PTT) and international normalized ratio (INR), we recommend to check the platelet count during the postoperative phase.

Lowered thrombocyte counts of more than 50% of the baseline value within postoperative days 5 and 10 should prompt the clinician to immediately withdraw heparin administration and initiate the HiT diagnostic algorithm.

HiT type II (Heparin-induced thrombocytopenia) -- definition and diagnostic process
-----------------------------------------------------------------------------------

HiT type II is a pharmacologically induced immune dysfunction syndrome and its clinical appearance is characterized by thrombocytopenia and -- paradoxically -- thrombotic events. Especially in reconstructive microsurgery thrombus formation can be associated with deleterious sequelae like partial or complete flap loss. HiT type II is diagnosed in approximately 5% of all patients treated with unfractionated heparin. Importantly, this rate is as low as less than 1% of all patients receiving low molecular weight heparin.

The diagnosis of HiT type II is based on three criteria:

Current treatment with heparin or suspicion of ongoing heparin action in the case of prior heparin therapyAt least one clinical symptom is present (most frequently thrombocytopenia)Laboratory testing (ELISA) reveals antibody formation against the heparin -- platelet factor IV complex (<http://www.tigc.org> / The Thrombosis Interest Group of Canada).

Thrombocytopenia is usually mild in patients diagnosed with HiT type II. Platelet counts of lower than 30/nl is rare, only 5% of the patients have platelet counts of 15/nl or lower. Bleeding complications are rarely encountered in HiT II patients and are usually associated with concomitant problems such as septicaemia or uremic thrombocytopathy.

Paradoxically, patients with HiT type II display a higher risk of developing thrombotic than bleeding complications. The cumulative risk for further enlargement of a pre-existing thrombosis or the development of new thrombotic formations ranges from 30--50%. Clinically, thrombus formation can also occur at later stages of the disease, even when heparin has been stopped and platelet counts begin to normalize.

Most thrombotic episodes are of venous origin, however, arterial emboli may also occur. Typical thrombotic events are deep vein thrombosis (DVT), pulmonary embolism (PE), cerebral or myocardial infarction and emboli of the arterial system of the lower extremities.

In HiT type II patients, autoantibodies are detectable in the serum or plasma. Confirmation of a suspected HiT type II diagnosis is done most frequently using ELISA assays specific for autoantibodies against platelet factor 4 -- heparin complexes (PF4-heparin-ELISA). Besides the ELISA, two functional tests exist: The serotonin-liberation assay, which is done using 14C-serotonin-loaded platelets of healthy donors. If these are challenged with plasma of a HiT II patient, the PF4-heparin-autoantibody complex induces serotonin liberation.

Another functional test is the HIPA-test (heparin-induced platelet activation), which is based on the mesurement the activation of freshly-isolated activated platelets (from healthy donors) by the antigen-autoantibody complex \[[@R3]\], \[[@R4]\].

In the case of a diagnosed HiT II heparin therapy should be stopped immediately and nonheparin anticoagulants should be administered in order to inhibit thrombin or thrombin generation. Danaparoid, lepirudin and argatroban are approved anticoagulants for treatment of HiT. Danaparoid is a glycosaminoglycuronan isolated from porcine intestinal mucosa and exerts its anticoagulant effects predominantly by inhibiting factor Xa and to a much lesser degree by inhibiting thrombin. Lepirudin is a recombinant hirudin (r-hirudin) and a direct and irreversible inhibitor of thrombin. The primary elimination route of lepirudin is renal, accounting for approximately 90% of its systemic clearance \[[@R5]\]. The systemic clearance of lepirudin is proportional to the glomerular filtration rate and there is a relevant cumulation of this drug in patients with renal impairment \[[@R6]\]. Furthermore bleeding is the most important and clinically relevant complication of treatment with lepirudin when compared to oral or parenteral Xa inhibitors, with an incidence rate of 4%--19% \[[@R7]\].

The activated partial thromboplastin time (aPTT) is the current method of choice for monitoring treatment with lepirudin. At plasma concentrations of lepirudin greater than 0.6 mg/L there is no linear correlation between aPTT and lepirudin which may result in overlooking toxic doses and the danger of bleeding \[[@R8]\], \[[@R9]\], \[[@R10]\].

Hirudin as a thrombin inhibitor has been established in the treatment of septic disorders during recent years according to the fact, that thrombin is known to be a key mediator of macrophage and granulocyte activation in vitro \[[@R11]\].

Furthermore Thrombin has depressive effects on the circulatory system reducing the functional capillary density (FCD) via endothelial cell interaction and endothelial cell damage \[[@R12]\].

Therefore Hoffmann et al. hypothesized that hirudin would down-regulate leukocyte/endothelial cell interaction and, thereby, improve capillary perfusion \[[@R13]\]. They induced severe endotoxemia in Syrian hamsters by intravenous administration of endotoxin (lipopolysaccharide \[LPS\], E. coli, 2 mg/kg) and could demonstrate a paradoxic effect of hirudin on the leukocyte/endothelial cell interaction and microcirculation by pronouncing leukocyte adherence and deteriorating capillary perfusion \[[@R13]\]. On the other hand they could demonstrate a considerable modulation of coagulatory parameters during the first 4 h of endotoxemia. Hirudin prevented the increase in thromboplastin time and induced an improvement of antithrombin activity and a tendency towards higher protein C activity, as well as shorter partial thromboplastin time. Furthermore hirudin did not induce a change in platelet count excluding a distinct effect on platelet-endothelial cell interaction.

In conclusion, their experiments do not indicate a relevant protective effect of recombinant hirudin on endotoxin-induced microcirculatory disorders \[[@R13]\].

Danaparoid in a high dose regimen is equivalent to lepirudin in the treatment of HiT with or without thrombosis. Reduction in the incidence of new thromboembolic complications and limb amputation is comparable with lepirudin \[[@R14]\].

Argatroban, a direct inhibitor of thrombin and is cleared by the liver and, therefore, can be used safely in patients with renal insufficiency. Argatroban also has the shortest half-life among all alternative anticoagulants and can be discontinued quickly if invasive procedures are necessary or if bleeding is encountered \[[@R15]\].

Differential diagnosis of HiT type II
-------------------------------------

Thrombocytopenias of other origin, e.g. HiT type I, have to be differentiated from HiT type II. The clinical course of HiT type I is characterized by a steep decrease of the platelet count within the early phase of heparin therapy (usually the first 4 days after initiation), which does usually not worsen under continous heparin therapy and resolves despite the ongoing administration of heparin.

Platelet counts usually do not reach values lower than 50% of the baseline and less than 100/nl. HiT type I does not induce a thrombophilic state and does not require heparin withdrawal or change of the antithrombotic regimen. Besides HiT type I, the differential diagnostic process should prompt the clinician to take disseminated intravascular coagulopathy (DIC) and thrombotic-thrombocytopenic purpura (TTP) as well as other non-specific syndromes resulting in platelet activation into account. Here, the mechanism is characterized by the formation of immune complexes. Also, pharmacologically induced immunogenic thrombocytopenias or -- rarely -- alloimmunethrombocytopenias (e.g. posttransfusion purpura, neonatal alloimmunethrombocytopenia) have to be kept in mind during the differential diagnosis process \[[@R16]\].

It is of utmost importance to determine the preoperative baseline platelet count.

Perioperative antithrombotic measures -- general and specific aspects
=====================================================================

As outlined in Table 2 [(Tab. 2)](#T2){ref-type="fig"}, pharmacological treatment and operative measures add on to each other and standardized algorithms have been consented by the respective societies.

Unfortunately, generally accepted standards regarding the anticoagulative protocols in microsurgical free flap transfer do not exist.

Starting to address the lack of standardization for anticoagulative protocols we introduced an algorithm regarding prophylaxis of venous thrombembolism for the field of plastic surgery. Indications for the pharmacological prophylaxis of thromboembolic events are here oriented on the specific risk categories for surgical interventions with regard to the "exposing" (associated with the clinical setting) and "predisposing" (associated with the patient) risk factors. Furthermore, the recommendations for the field of plastic and reconstructive surgery are subdivided into the various regions of the body \[[@R17]\].

An-up-to-date survey, which was done at the 29^th^ annual meeting of the german-speaking society of microsurgery revealed the following (Table 3 [(Tab. 3)](#T3){ref-type="fig"}, rate of return 10%).

To undermine these heterogeneous data we performed a further and comprehensive survey among german speaking microsurgeons whose results are going to be published in the near future.

Table 3 [(Tab. 3)](#T3){ref-type="fig"} shows that acetyl salicylic acid (100--500 mg/d) and unfractionated or low-molecular weight heparin are used. Dextrans have disappeared from routine clinical use, however, hydroxyl ethyl starch is used during the postoperative phase. Intraoperatively, flushing of the anastomosis site is done with either heparin or -- in the case of an existing thrombus -- rt-PA (Urokinase, lysis). Looking at the increased bleeding risk and other adverse reactions, rt-PA should be used cautiously. A general recommendation cannot be given at this point, because randomized, prospective studies have not been done yet. Even intraoperative heparin flushing is not routinely done in all microsurgical units.

In 2007, Xipoleas et al. presented the results of an email- and questionnaire based survey among members of the American Society of Plastic Surgeons \[[@R18]\]. In summary, 4,383 members were asked to complete the survey. Finally, the data was analyzed upon a feedback rate of 3%, the number of performed procedures ranged from 5 to 84 cases per year. Nevertheless, the success rates were not evenly distributed over 90%, but did reach maximum success rates of 92--100%. 84% of the surgeons did at least use a form of anticoagulation during or after microsurgical flap transfer. 48% of the surgeons applied a combination therapy, 44.9% started the anticoagulative treatment intraoperatively and maintained it postoperatively. 16.3% did not use any form of anticoagulation at any time during the treatment \[[@R18]\]. A potential reason for the non-standardized anticoagulative regimens from a european point of view may be the difference in patient management with lack of preoperative hospitalization of the patients in the United States. In contrast, a wide variation concerning intraoperative anticoagulation measures was found when the respective pathogenesis of tissue defects was taken into consideration. Potentially, differences in the therapeutic approaches due to defect pathogenesis may count for these variations, so that standardized protocols cannot be established.

Apparently, many surgeons base their anticoagulative regimen upon their personal professional experiences and case observations. Indeed, it was interesting to note that personal standards have been changed primarily after complications were encountered, which can be deduced from a study conducted by Khouri and colleagues \[[@R2]\]. Intraoperative thrombus formation was associated with the use of myocutaneous flaps and vein grafts. The flap loss rate was reported at 4.1 %, the intra- and postoperative thrombosis rate ranged between 8.3 and 9.9%. Statistically, there was no association between the used anticoagulative strategy and anastomosis insufficiencies. However, an increased risk of complications was noted when chronic wounds were treated or when interposition vein grafts were used. A lower risk ratio was found when rectus abdominis muscle flaps and postoperative subcutaneous low-molecular-weight heparin therapy had been applied \[[@R2]\].

In our clinic we administer low molecular weight heparin (2500--5000 IE body weight adapted) starting the evening before surgery. Intraoperatively we flush the flap and recipient vessels with unfractioned heparin (50 IE/ml) and administer 1000 IE unfractioned heparin after completion of the microanastomosis respectively before clamp release. In the case of complicated anastomosis (e.g. atherosclerosis, AV-loop) we perform systemic heparinization (15000 IE/24 hours resp. PTT 50--60 sec.) for 10 days. Papaverine is only applied in vasospasms at the anastomosis site. In the postoperative setting our regimen consists of aspirin 100 mg and low molecular weight heparin (2500--5000 IE body weight adapted) once a day for 7 days.

Additionally we start a combined dangling/wrapping procedure respectively ischemic conditioning at day 3 after surgery consisting of a combined cotton and elastic wrapping of the flap followed by dangling the lower extremity with the patient sitting in an upright position at the edge of the bed and the knee joint flexed at an angle of 90°. The heel is not supported.

Wrapping and dangling the flap starts with a duration of 5 minutes three times a day and increases daily by doubling the duration over a period of 4 days reaching 60 minutes at day 5.

This combined dangling/wrapping procedure in the postoperative course after lower extremity reconstruction counteracts adverse events of free-flap transfer (i.e. venous congestion due to increased capillary pressure and fluid leaking into the interstitium; decreased perfusion due to division of sympathetic nerves and inflow vessels) by supporting venous and lymphatic return, reducing edema and increasing blood flow to the flap by inosculation and neovascularization by ischemic conditioning \[[@R19]\], \[[@R20]\].

Acetylsalicylic acid is attributed a universal efficacy in the prophylaxis of arterial, venous and autograft anastomoses as well as a beneficial microcirculatory effects. These universal properties could have even been shown for heparin (Table 4 [(Tab. 4)](#T4){ref-type="fig"}).

Nevertheless, a rationale for its clinical application can be formulated, especially for the pathophysiologic concept of ischemia-reperfusion injury: Thromboxane A2 mediates vasoconstriction, O~2~ radicals damage membrane lipids, receptors and other important biomolecules. An array of specific anti-inflammatory cytokines, leukotrienes and interleukins finally induces an endothelial injury which in turn completes the reperfusion injury in concert with activated leucocytes. Bearing these mechanisms in mind, antithrombotic substances seem to be clinically indispensable and their mechanisms of action are divert:

Acetylsalicylic acid is a platelet aggregation inhibitor. Via irreversible blocking of cyclooxygenases the synthesis of thromboxane A2 is effectively intercepted. Treatment doses of 30--300 mg per day are known to effectively inhibit thromboxane synthesis. In higher doses, additive inhibition of the prostacyclin synthesis has been shown.

Peter et al. have demonstrated earlier on in an isolated muscle system that acetylsalicylic acid can also induce an increase in the functional density of microcapillary networks \[[@R21]\]. However, the main effects of acetylsalicylic acid are centered around the local endothelial effects and its action on platelet function. Effectors of the clotting cascade are not influenced by acetylsalicylic acid. Here, heparin is an efficient antithrombin III (AT III) agonist and is an inhibitor of the factors IIa, IXa, Xa, XIa and XIIa. Moreover, heparin indirectly influences platelet aggregation via inhibition of endothelial prostacyclin.

In summary, acetylsalicylic acid inhibits thrombus formation by the inhibition of platelet aggregation while the mechanism of action of heparin inhibits thrombin (indirectly) and the clotting factor Xa thereby preventing thrombus formation locally (anastomosis site). Therefore, sole inhibition of platelet aggregation seems to be insufficient in microsurgery because thrombus formation can still occur via the alternative, plasmatic pathway of the clotting cascade which can be modulated by heparin application.

Greenberg and coworkers have recently shown in a rabbit model that intraarterial perfusion with heparin for 72 hours after surgery leads to an overall higher anastomosis patency rate \[[@R22]\].

Overall, systemic application seems to be less effective than local heparin application. It has been shown that lower molecular weight heparin is more effective than intravenous heparin in free flap transfer \[[@R23]\], \[[@R24]\], \[[@R25]\].

Studies in coronary surgery have demonstrated that heparin induced a significantly higher rate of postoperative vessel patency (30%). Also, analyses of the outcome after coronary thrombolysis therapy have shown that heparin is more efficient in post-lysis anticoagulation than acetylsalicylic acid \[[@R26]\]. However, these results are in contrast to a prospective multicenter analysis which was done in 1998 by Khouri and colleagues \[[@R2]\]. The comparison of anticoagulatory strategies of experienced microsurgeons and the respective influence on the complication rates after microvascular tissue transfer did not reveal any preventive effects on thrombus formation of intraoperatively administered heparin. Postoperative prophylaxis with low-molecular weight heparins which were applied subcutaneously lowered the risk of postoperative thrombosis \[[@R2]\].

Microsurgical interventions and flap failure
============================================

Anticipation and prevention are key factors for successful flap transfer procedures, and they are built on surgical tactics on the one hand and the preoperatively started pharmacoprophylaxis on the other hand.

Surgical planning consists of adequate clinical and technical diagnostic procedures to select the best suitable flap and the safest recipient vessels. Defect size, localization and individual factors such as irradiation of the defect site, vessel disease of any kind etc are central elements which need to be considered preoperatively at the stage of surgical planning.

In the case of thrombotic microvessel occlusion, the anastomosis itself can be revised and redone, a new recipient site can be chosen or additional venous anastomoses can be performed to ensure an optimal in- and outflow balance. Pharmacologically, multiple thrombolytic protocols which can also be performed intraoperatively, are discussed in literature \[[@R27]\], \[[@R28]\], \[[@R29]\], \[[@R30]\].

There is no doubt that sole use of pharmacologic antithrombotic therapy cannot increase the success rate of flaps. The surgical revision of the anastomosis site is still essential and a key rescue procedure. A study by Smit and coworkers recently demonstrated that only early surgical interventions such as resuturing the anastomosis, thrombectomy and placement of interposition vein grafts etc. can reduce flap failure rates. The majority of anastomosis patency complications were encountered within the first 24 hours after surgery and decreased later on in frequency. Operative revisions displayed a success rate of approximately 80% on day 1 after surgery, however, this rate decreases continuously with time and reach a baseline rate of lower than 5% by days 6 and 7 after the initial procedure \[[@R31]\]. Another important surgical intervention in the case of thrombotic complications is intraoperative vasodilatation: Evans and colleagues have shown in 1997 that local and systemic application of lidocaine rather induce vasospasms of the anastomosis vessels, in contrast, prostaglandin E1 and papaverine hydrochloride induce vasodilatation and a consecutive increase in regional blood flow \[[@R32]\]. Therefore, lidocaine application seems to be obsolete in modern microsurgery. Whether intraluminal irrigation using antithrombotic substances can be generally recommended for clinical use cannot be predicted at this point of time. A first study which was published by Khouri et al. in 2001 at least demonstrated that low-dose application of TPFI in comparison to heparin does not only have acceptable antithrombotic prophylactic properties but was also associated with lower complication rates, especially hematoma formation \[[@R33]\].

Of course, the local factors of the recipient area are still considered key factors for surgical success and the resulting flap perfusion. Free flap transfers to the lower limb after complex trauma to the zone of injury are associated with high complication rates, therefore, subtle surgical planning and meticulous technique are essential factors for success. It is very interesting to observe that not the recipient vessel, but the blood intake capacity of the flap determines the flow rates. In this context, Lorenzetti and Ascarseria demonstrated that in free rectus abdominis muscle flaps the flow rate in the flap after anastomosis was widely identical to the corresponding flow rate in the inferior epigastric artery as the donor vessel. In contrast, the flow rates determined preoperatively in the thoracodorsal artery as the donor vessel were significantly different to the flow measured in the rectus abdominis muscle flap. Conclusively, the flow rates seem to be regulated by the demand in the graft itself and its uptake capacity \[[@R1]\].

Influence of chemotherapy on microanastomosis and flap survival
===============================================================

Intraarterial chemotherapy with various substances is a modern and efficient approach to increase local doses of the cytostatic agent and reduce systemic toxicity at the same time. Also, isolated hyperthermic limb perfusion (ILP) is used in certain types of soft tissue tumors. A study by Sadrian and coworkers has revealed no flap loss due to thrombosis formation in a cohort of tumor patients that underwent either hyperthermic limb perfusion or intraarterial chemotherapy after free flap transfer. The study included patients from two cancer centers \[[@R34]\]. In connection with the results of this study, an interesting novel approach to maximize patient safety and flap success is the creation of an arteriovenous loop (AV-loop) and subsequent flap transfer to the transected loop vessel (arterial and venous side). However, own studies could not verify clinical advantages when single-stage ("fix and flap" approach) or two-step procedures were used to perform the flap transfer \[[@R35]\]. Nevertheless, it must be emphasized that in any case of free tissue transfer the professional experience of the surgeon, surgical skills and meticulous assessment of the anastomosis site are pivotal factors determining flap success and outcome.

Case report
===========

We report about a 56-years-old man who suffered from a lawn cutter injury and had an open tarsal and ankle joint fracture that was initially treated by our trauma surgeons. The patient was transferred to our plastic surgery department with an exposed osteosynthesis plate at the ankle joint level and a soft tissue defect measuring 10x20 cm due to tissue break down. We perfomed an free fasciocutanous anterior lateral thigh perforator flap for defect coverage. After microsurgical end-to-side anastomosis of the perforator flap vessels to the tibial posterior artery and a concommitant vein additional skin grafts have been performed. Due to uncomplicated microsurgery (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}) this patient received the standard anticoagulative protocol with oral ASS 100 mg and 5000 IE low molecular weight heparin s.c. on a daily basis in the postoperative setting. At day one after flap transfer the patient was taken back to the operating room to evacuate a haematoma. At day two the flap presented a significant change towards livid colouration of the skin island indicating venous congestion respectively flap vein thrombosis and revision was necessary (Figure 2 [(Fig. 2)](#F2){ref-type="fig"}). After revision of the venous anastomosis the flap was salvaged by thrombectomy and interposition of a vein graft (Figure 3 [(Fig. 3)](#F3){ref-type="fig"}). In this case the anticoagulative regimen was not changed towards unfractioned heparin due to the fact, that flap vein thrombosis occurred because of hematoma formation followed by external compression of the anastomosis and not because of disturbance of the coagulative state. Therefore the standard anticoagulative protocol with oral ASS 100 mg and s.c. low weight heparine 5000 IE on a daily basis was maintained.

Discussion
==========

Thromboses after microvascular tissue transfer have technical and hematologic reasons. While operative standards have been clinically defined, internationally accepted standards in pharmacologic antithrombotic prophylaxis in reconstructive microsurgery have not been clearly outlined yet. However, there is great consent that surgical skills and experience of the reconstructive microsurgeon are pivotal factors for flap success and favourable outcomes.

International studies and our own data (pulse survey) have revealed that heparin is the most frequently used substance for antithrombotic prophylaxis in reconstructive microsurgery. Heparin is used pre-, intra- and postoperatively. When used as a single antithrombotic agent, heparin seems to be more effective compared to aspirin. Nevertheless, one has to keep in mind that the use of unfractioned heparin may induce grave complications such as HiT type II and therefore its indication and dosage has to be reevaluated on a day-to-day and clinical situation-oriented basis. In the case of suspected HiT type II, it is recommended to stop heparin immediately, switch to other antithrombotic agents (e.g. lepirudin etc.) and initiate HiT screening.

Overall, microvascular tissue transfer procedures have a high success rate and can be confidently applied even in adverse clinical situations. However, establishment of clinical algorithms and standards for antithrombotic prophylaxis in reconstructive microsurgery are of utmost importance. In our view, it is unlikely that a simple algorithm in microsurgery will be defining antithrombotic prophylaxis in general, rather, consideration and integration of the various pathogenetic aspects, comorbidities and risk factors will have to be done to define individual "standard operating procedures" for a given microsurgical scenario. National and international societies are working toward this goal and we are confident that applicable solutions can be found within reasonable amounts of time.
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=====
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